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Abstract: I suggest an effective model between the GUT and the electroweak scale. It
only introduces the two symmetries of U(1)B−L and U(1)D besides the SM groups. The
two symmetries are individually broken at the reheating temperature of the universe of
1012 GeV and the scale of 3 ∼ 4 TeV. The model can simultaneously accommodate the
tiny neutrino masses, the matter-antimatter asymmetry and the cold dark matter (CDM).
In particular, the model gives some interesting results and predictions, for instance, the
neutrinos are Dirac nature and their masses are related to the U(1)D breaking, the size of
the matter-antimatter asymmetry is closely related to the mass hierarchy of the quarks
and charged leptons, the CDM mass is probably in the range of 250 ∼ 350 GeV. Finally,
it is feasible to test the model in future collider experiments.
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I. Introduction
In the past few decades, the standard model (SM) of the particle physics has been
evidenced to be a correct theory at the electroweak scale [1]. It can successfully account
for the vast majority of the particle and cosmological phenomena. However, the SM has
also some shortcomings, namely, it can not explain some important issues such as the
flavour puzzle [2], the tiny neutrino masses [3], the matter-antimatter asymmetry [4], the
cold dark matter (CDM) [5]. All kinds of theoretical ideas have been suggested to solve
these problems all the time. The tiny neutrino masses can be implemented by the see-saw
mechanism [6], or the radiative generation [7]. The baryon asymmetry can be achieved by
the electroweak baryogenesis [8], or the thermal leptogenesis [9]. The CDM candidates are
possibly the real scalar boson [10], the sterile neutrino [11], the lightest supersymmetric
particle [12], the axion [13], and so on. Although many progresses on these fields have
been made, a convincing and unified theory is not established as yet [14].
The four things of the SM, the neutrino masses, the CDM and the matter-antimatter
asymmetry appear to be not related to each other, this is hard to believe. In addition,
it is well-known that there is a great desert between the GUT and the electroweak scale,
this is very unnatural. Based on the universe harmony and the nature unification, there
should be a transition theory between the both scales. It can not only accommodate the
four things simultaneously, but also integrate them completely. On the other hand, the
correct theory should keep such principles as the simplicity, the feasibility and the fewer
number of parameters, moreover, it is promising to be tested in future experiments. If
one theory is excessive complexity and unable to be tested, it is incredible and infeasible.
For these purposes, I attempt to construct an effective model between the GUT and the
electroweak scale. Its characteristics are a as small as possible extension of the SM but
able to integrate the four things. In any case, an investigation of new theory beyond the
SM is always significant for particle physics as well as cosmology.
The remainder of this paper is organized as follows. In Section II I outline the model.
I will respectively discuss the matter-antimatter asymmetry and the cold dark matter in
Sec. III and Sec. IV. The numerical results are given in Sec. V. Sec. VI is devoted to
conclusions.
II. Model
First of all, I assume the product groups SU(3)C⊗SU(2)L⊗U(1)D⊗U(1)R⊗U(1)B−L
as the local gauge symmetries of the effective model between the GUT and the electroweak
scale, where D,R,B−L denote respectively the conserved quantum numbers of the three
Abelian subgroups. Secondly, the model particle contents are divided into the active SM
sector and the inactive Dark sector. Their notations and gauge quantum numbers are in
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detail listed by the following table,
SM sector Dark sector
gauge bosons Gaµ W
i
µ X
D
µ X
R
µ X
B−L
µ
fermions and scalars H qL uR dR lL eR νR χR χL φ1 φ2 Φ
SU(3)C ⊗ SU(2)L (1, 2)(3, 2)(3, 1)(3, 1)(1, 2)(1, 1) (1, 1)(1, 1)(1, 1)(1, 1)(1, 1)(3, 1)
U(1)D 0 0 0 0 0 0 1 − 1 − 2 − 1 0 0
U(1)R −1 0 1 − 1 0 − 1 0 1 2 1 1 − 1
U(1)B−L 0
1
3
1
3
1
3
− 1 − 1 −1 0 0 0 − 1 1
3
U(1)Y=D+R+(B−L) −1 13 43 − 23 − 1 − 2 0 0 0 0 0 − 23
where all kinds of the notations are self-explanatory, U(1)Y is the supercharge subgroup
of the SM, it is derived from the model symmetry breakings. Obviously, the fermions and
scalars in the SM sector have no charges of U(1)D, in contrast, the ones in the Dark sector
are all singlets under the SM groups except the only leptoquark Φ which is a coloured
scalar. Note that the three U(1) subgroups completely determinate three relative phase
transformations among the four chiral fermions, eR, νR, χR, χ
c
R(χL). The right-handed
neutrino νR is a Dirac nature lepton in the model. The other neutral Dirac fermion χ is
different from the quarks and also different from the leptons, it has a vanishing B − L
number, in fact, it is namely the CDM in the model. For simplicity, χ is assumed as only
one generation hereinafter.
Thirdly, it can be seen by the above table that the model symmetries will be broken
according to the following chain,
U(1)R ⊗ U(1)B−L 〈φ2〉∼10
12GeV−−−−−−−−→ U(1)R+(B−L) ,
U(1)D ⊗ U(1)R+(B−L) 〈φ1〉∼10
3GeV−−−−−−−→ U(1)Y=D+R+(B−L) ,
SU(2)L ⊗ U(1)Y 〈H〉∼10
2GeV−−−−−−−→ U(1)em . (1)
This breaking chain will be implemented by the following scalar potentials (6). In addition,
the arrangements in the table imply that B − L is anomaly-free. On the one hand, the
cancellation of the Adler-Bell-Jackiw anomaly for the SU(2)L factor is as usual because
the particles in the Dark sector are all singlets under SU(2)L. On the other hand, a
simple calculation shows that U(1)B−L is anomaly-free. Although both U(1)D and U(1)R
are anomaly, U(1)D+R is anomaly-free. Therefore, U(1)Y is eventually anomaly-free.
Lastly, the full model Lagrangian can be written out on the basis of the gauge sym-
metries and the particle contents. The gauge kinetic energy terms are
LGauge = Lpure gauge +
∑
fL
i fL γ
µDµfL +
∑
fR
i fR γ
µDµfR
+ (DµH)†DµH + (D
µφ1)
†Dµφ1 + (D
µφ2)
†Dµφ2 + (D
µΦ)†DµΦ, (2)
where fL,R denote all kinds of the fermions in the table, and the covariant derivative Dµ
is defined by
Dµ = ∂µ + i
(
gsG
a
µ
λa
2
+ gwW
i
µ
τ i
2
+ gDX
D
µ
QD
2
+ gRX
R
µ
QR
2
+ gB−LX
B−L
µ
B − L
2
)
. (3)
3
In (3), gs, gw, yD, gR, gB−L are corresponding gauge coupling coefficients, λ
a and τ i are
respectively the Gell-Mann and Pauli matrices, QD, QR and B − L are respectively the
charge operators of U(1)D, U(1)R and U(1)B−L.
The effective Yukawa couplings are
LY ukawa = qLYuuRH + qLYddRiτ2H
∗ + lLYeeRiτ2H
∗ + φ1χLYχχR +
φ1
Λ
lLYννRH
+
φ2
Λ
ǫαβγΦα(
1
2
qTLβY1iτ2qLγ + u
T
RβY2dRγ) +
φ∗2
Λ
Φ†(lTLY3iτ2qL + e
T
RY4uR)
+
φ∗1
Λ
Φ†χTRY5dR +
1
2Λ
dTRΦ
∗Y6Φ
†dR + h.c. , (4)
where the charge conjugation matrix C is omitted, which should be sandwiched between
two spinor fields in the second and third line terms. iτ2 is inserted so as to satisfy
the SU(2)L isospin symmetry. ǫαβγ is a totally antisymmetric three-tensor for the color
indices, it is used to guarantee the SU(3)C color symmetry. Yu, Yd, · · · , Y6 are the Yukawa
coupling matrices, in addition, both Y1 and Y6 are symmetric structures on account of the
spinor properties. The Yukawa matrices are generally complex, however, some complex
phases can not be removed by the flavour basis choice and the redefined field phases,
therefore the Yukawa sector certainly provides new CP -violating sources besides the SM
one. Finally, all of the 5-dimensional couplings are suppressed by the GUT scale of
Λ ∼ 1016 GeV. These terms may arise from the breakings of some GUT models, in
particular, the last term in the first line of (4) is the Dirac coupling of the neutrinos,
which will give rise to the neutrino masses after both U(1)D and electroweak breakings.
After H and φ1 developing the vacuum expectation values (see the following equation
(7)), the first line terms of (4) generate the Dirac masses of all kinds of the fermions,
mu = − vH√
2
Yu, md =
vH√
2
Yd, me =
vH√
2
Ye, Mχ = − v1√
2
Yχ, mν = −v1vH
2Λ
Yν. (5)
In contrast with the vH scale quarks and charged leptons and the v1 scale CDM χ,
obviously, the neutrinos obtain only tiny masses due to the Λ suppression. On the other
hand, the second line terms of (4) violate the baryon or lepton number after φ2 developing
the vacuum expectation value, which will lead to the matter-antimatter asymmetry.
The scalar potentials are
VScalar = λΦ(Φ
†Φ)2 + λH
(
H†H − λHv
2
H + c4v
2
1 + c5v
2
2
2λH
)2
+ λ1
(
φ†1φ1 −
λ1v
2
1 + c4v
2
H + c6v
2
2
2λ1
)2
+ λ2
(
φ†2φ2 −
λ2v
2
2 + c5v
2
H + c6v
2
1
2λ2
)2
+ 2Φ†Φ(c1H
†H + c2φ
†
1φ1 + c3φ
†
2φ2) + 2H
†H(c4φ
†
1φ1 + c5φ
†
2φ2) + 2c6φ
†
1φ1φ
†
2φ2.
(6)
Furthermore, the vacuum configurations are directly obtained by discussing the VScalar
extreme as follows,
〈Φ〉 = 0, 〈H〉 = vH√
2
(
1
0
)
, 〈φ1〉 = v1√
2
, 〈φ2〉 = v2√
2
. (7)
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These vacuum expectation values are assumed such hierarchy as vH ≈ 246 GeV < v1 ≈
(3 ∼ 4) TeV ≪ v2 ≈ 1012 GeV. vH is fixed by the electroweak physics, v1 will be
determined by the tiny masses of the neutrinos and the relic abundance of the CDM χ,
v2 should be very close to the reheating temperature of the universe [15]. The vacuum
spontaneous breakings give rise to the masses of the scalar bosons,
M2Scalar =


2λHv
2
H 2c4vHv1 2c5vHv2 0
2λ1v
2
1 2c6v1v2 0
2λ2v
2
2 0
c1v
2
H + c2v
2
1 + c3v
2
2

 ,
MH ≈ vH
√
2(λHλ1λ2 + 2c4c5c6 − λHc26 − λ1c25 − λ2c24)
λ1λ2 − c26
,
Mφ1 ≈ v1
√
2(λ1λ2 − c26)
λ2
, Mφ2 ≈ v2
√
2λ2 , MΦ ≈ v2√c3 ,∣∣∣∣∣∣∣∣
λH c4 c5 0
c4 λ1 c6 0
c5 c6 λ2 0
0 0 0 c3
∣∣∣∣∣∣∣∣
is positive definite. (8)
The vacuum stability condition is namely that the determinant consisting of the coupling
parameters is positive definite (it means that all of the ordered principal minors of the
determinant are positive). The parameters are therefore restricted such that [λH , λ1, λ2, c3]
are all positive and ∼ O(0.1), and [c4, c5, c6] are sufficiently small. However, we can always
choose a set of suitable values to satisfy the conditions.
Finally, the gauge symmetry breakings lead to the masses and mixings of the gauge
bosons as follows,
gDX
D
µ
QD
2
+ gRX
R
µ
QR
2
+ gB−LX
B−L
µ
B − L
2
−→
gYBµ
Y
2
+
gY
sinθ1
Xµ(cosθ1
Y
2
− 1
cosθ1
QD
2
) +
gY
sinθ1
X ′µ(−tanθ2
QR
2
+
1
tanθ2
B − L
2
),
 BµXµ
X ′µ

 =

 cosθ1 sinθ1 0−sinθ1 cosθ1 0
0 0 1



 1 0 00 cosθ2 sinθ2
0 −sinθ2 cosθ2



 XDµXRµ
XB−Lµ

 ,
Y = QD +QR + (B − L), g−2Y = g−2D + g−2R + g−2B−L, cosθ1 =
gY
gD
, tanθ2 =
gR
gB−L
,
MBµ = 0, MXµ =
v1gY
sin2θ1
√
1 + cos4θ1
v2H
v21
, MX′µ =
v2gY
sinθ1sin2θ2
,
MWµ =
gwvH
2
, MZµ =
gwvH
2cosθW
√
1− cos4θ1 v
2
H
v21
, (9)
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Figure. 1. The tree and loop diagrams of (a) Φ→ u+ d and (b) Φ→ u+ e, which lead
to the matter-antimatter asymmetry.
where the new gauge fields Bµ, Xµ, X
′
µ are three mass eigenstates, θ1 and θ2 are respec-
tively the mixing angles associated with the breakings of φ1 and φ2, θW is the weak-mixing
angle. Note that the mixing angle between Zµ and Xµ is ∼ v
2
H
v2
1
∼ 10−2, which is too small
and can be neglected.
III. Matter-antimatter Asymmetry
The model can naturally account for the matter-antimatter asymmetry. At the re-
heating temperature of the universe, the B −L symmetry breaking due to 〈φ2〉 gives rise
to the v2 scale masses of the neutral φ2 and coloured Φ, on the other hand, this also leads
that the second line terms in (4) violate one unit of the B − L number. In the light of
the Yukawa couplings, Φ has three decay modes, namely Φ → u + d, Φ → u + e and
Φ→ d+ ν. The first decay violates “−1” unit of the baryon number, the last two decays
violate “+1” unit of the lepton number. The Feynman diagrams of (a) Φ→ u+d and (b)
Φ→ u+ e are shown in Figure 1, respectively. One CP asymmetry of each decay rate is
generated by the interference between the tree diagram and the loop ones. The Feynman
6
amplitude of Φ→ u+ d is given by
M =
v2√
2Λ
vT (pu)
[
(Y1L+ Y2R)− g
2
wCloop
16π2
(
QuLQdLY1L+QuRQdRY2R
M2Z
+
Y1L
2M2W
)/pu/pd
]
v(pd),
L, R =
1∓ γ5
2
, Im[Cloop] = M
2
ΦIm[c22] + 2Im[c24] = Im[B0(M
2
Φ, m
2
u, m
2
d)] = −iπ,
QuL =
1
2cosθW
− 2sin
2θW
3cosθW
, QuR = −
2sin2θW
3cosθW
,
QdL = −
1
2cosθW
+
sin2θW
3cosθW
, QdR =
sin2θW
3cosθW
, (10)
where only the imaginary part of the loop integration factor Cloop is relevant to the
following CP asymmetry. One can write out the parallel formulas for Φ→ u+ e.
The decay CP -asymmetries of (a) and (b) in Figure 1 are defined and calculated as
follows, respectively,
εa =
Γ(Φ→ u+ d)− Γ(Φ∗ → u+ d)
Γ(Φ)
=
(1
2
+ sin2θW )
∑
i,j
Im[(Y1)ij(Y
∗
2 )ij ]
muimdj
v2
H
πTr[2Y1Y
†
1 + 2Y2Y
†
2 + 2Y3Y
†
3 + Y4Y
†
4 ]
,
εb =
Γ(Φ→ u+ e)− Γ(Φ∗ → u+ e)
Γ(Φ)
=
(3
4
− 5
6
sin2θW )
∑
i,j
Im[(Y †3 )ij(Y
T
4 )ij ]
muimej
v2
H
πTr[2Y1Y
†
1 + 2Y2Y
†
2 + 2Y3Y
†
3 + Y4Y
†
4 ]
,
Γ(Φ) = Γ(Φ→ u+ d) + Γ(Φ→ u+ e) + Γ(Φ→ d+ ν), (11)
where i, j are the generation indices of the fermions. The CP asymmetries of (11) have
the following characteristics. (i) εa arises from the interference between Φ → uL + dL
and Φ → uR + dR, similarly, εb results from the interference between Φ → uL + eL
and Φ → uR + eR, so (11) refers to the product factors (Y1)ij(Y ∗2 )ij and (Y †3 )ij(Y T4 )ij.
However, the decay Φ→ d+ ν can not lead to a similar asymmetry because Φ→ dR+ νR
is non-existent. (ii) Under the mass eigenstate basis of the fermions, some irremovable
complex phases in Y1, Y2, Y3, Y4 are new CP -violating sources, they lead to εa and εb non-
vanishing. (iii) The vertexes of the weak gauge bosons and fermions in Figure 1 contain
the axil vector current couplings, in other words, the left-handed current coupling and the
right-handed one are different sizes, or else the asymmetries will be vanishing. Obviously,
only Z0µ,W
±
µ satisfy this condition, none of Xµ, photon, gluon satisfies this. (iv) The sizes
of εa and εb mainly depend on the ratio of the mass product of two final state fermions
and the weak gauge boson squared masses (which are replaced by v2H in (11)), moreover,
they have no relation with Λ, v2,MΦ. On account of the mass hierarchy of the quarks and
charged leptons, thus the factors such as mumb
v2
H
, mumτ
v2
H
in (11) can naturally give rise to
(εa, εb) ∼ 10−8, which eventually determine the size of the matter-antimatter asymmetry.
It follows that there is a close relationship between the matter-antimatter asymmetry and
the flavour physics.
A simply estimate shows that the decay rates of Φ → u + d and Φ → u + e are far
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smaller than the Hubble expansion rate of the universe, namely
Γ(Φ→ u+ d) = MΦv
2
2
16πΛ2
Tr[Y1Y
†
1 + Y2Y
†
2 ]≪ H(MΦ) =
1.66
√
g∗M
2
Φ
MP l
, (12)
where MP l = 1.22 × 1019 GeV. At the temperature of MΦ, all of the model particles are
relativistic except Φ and φ2, so the effective number of relativistic degrees of freedom is
g∗ = 119.5 in (12). Provided MΦ ≈ v2 and Tr[Y1Y †1 ] ≈ Tr[Y2Y †2 ] ≈ 1, one can esti-
mate Γ(Φ)
H
.
v2Mpl
102Λ2
. 10−3, therefore the decays are severely out-of-equilibrium processes.
The above discussions are collected together, Sakharov’s three conditions are completely
satisfied [16], consequently, the two decays in Figure 1 can indeed generate the B − L
asymmetry.
Because the B−L asymmetry arises above the electroweak scale, the sphaleron process
can efficiently convert it into the baryon asymmetry [17]. The related expressions are
YB =
nB − nB
s
= csYB−L = cs
(−1)(εa + εb)
g∗
, ηB = 7.04YB ≈ 6.15× 10−10 , (13)
where cs =
28
79
and g∗ = 119.5, and 7.04 is a ratio of the entropy density to the photon
number density. Note that only the SM particles are involved in the sphaleron process.
In addition, the dilution effect can completely be ignored because the decays are seriously
departure from thermal equilibrium. At the present day the experimental value of the
baryon asymmetry, ηB ∼ 6.15× 10−10, has been established by multiple approaches [18].
The charged lepton asymmetry is equal to the proton one because of the electric neutrality
of the universe. Only the neutrino asymmetry has been unknown so far.
IV. Cold Dark Matter
At the TeV scale, the U(1)D symmetry breaking due to 〈φ1〉 gives rise to the v1 scale
masses of χ, φ1, Xµ. The three new particles are all singlets under the SM groups, but
they play key roles in the new physics beyond the SM. χ is a neutral Dirac fermion. It
has not any direct couplings to the SM particles, but it can indirectly connect with them
via the two mediators of Xµ and φ1. In addition, χ is a stable particle. Its stability is an
inevitable outcome of the model gauge symmetries, we need not an extra symmetry to
guarantee it. Therefore, χ is exactly a typical WIMP, moreover, it is a desirable candidate
of the CDM.
In the model, the current relic abundance of χ can be calculated by the thermal
production in the early universe. In the light of the model Lagrangian and the results of
the symmetry breakings, a pair of χ can annihilate into the SM particles via the s-channel
mediation of Xµ or φ1, shown as (a) and (b) in Figure 2. The cross-sections of (a) and
8
Xµ
f
f
χ
χ
χ
χ
φ1
H0
H0
(a) (b)
Figure. 2. A pair of the CDM χ annihilating into the SM particles via the s-channel
mediation of (a) Xµ or (b) φ1.
(b) in Figure 2 are calculated as follows,
σav =
A( gY
sinθ1
)4(s+BM2χ)
384π(s−M2Xµ)2
=
Acos4θ1M
2
χ
24πv41
[
4 +B
(1− 4y)2 +
4 +B − (2 +B)(1− 4y)
2(1− 4y)3 v
2 + · · · ],
σbv =
c24M
2
χ
16π(s−M2φ1)2
(1− 2M
2
χ
s
) =
c24M
2
χ
32πM4φ1
[
1
(1− 4y′)2 +
1 + 4y′
4(1− 4y′)3 v
2 + · · · ],
A = (D2χL +D
2
χR
)
∑
f
(Y 2fL + Y
2
fR
), B = 2− 3(DχL −DχR)
2
D2χL +D
2
χR
, y =
M2χ
M2Xµ
, y′ =
M2χ
M2φ1
,
(14)
where DχL,R are the D number of χL,R and YfL,R are the supercharge number of the SM
fermion, see the table. v = 2
√
1− 4M2χ
s
is a relative velocity of two annihilating particles
and s is the squared center-of-mass energy. Since Mχ and Mφ1 being proportional to
v1, essentially, the two cross-sections are inversely proportional to v
2
1, so one can roughly
estimate (σav, σbv) ∼ 10−9 GeV−2 provided that the total contribution of the related
parameters is ∼ 0.1. The freeze-out temperature of χ is solved by the following equations,
〈(σa + σb)v〉Tfnχ(Tf) = H(Tf) =
1.66
√
g∗(Tf) T
2
f
MP l
,
〈(σa + σb)v〉Tf ≈ a+ b 〈v2〉 = a+ 6b
Tf
Mχ
, nχ(Tf) = 4
(
MχTf
2π
) 3
2
e
−
Mχ
Tf , (15)
where a and b are obtained by the expansion coefficients in (14). Finally, the relic abun-
dance of χ is determined by the so-called “WIMP Miracle” as follows [19],
Ωχh
2 =
0.85× 10−10GeV−2√
g∗(Tf) x(a+ 3b x)
≈ 0.12, x = Tf
Mχ
≈ 1
17 + lnMχ − 32 lnx
≈ 1
30
, (16)
where g∗(Tf ) = 91.5. Provided Mχ ∼ 300 GeV (which is determined by the following
numerical calculation), then Tf is ∼ 10 GeV, at this temperature the relativistic particles
9
χ Φ
(a)
d
u
d
n0
p+
π0/π+
e/ν
Φ
u
u
d
u
u/d
(b)
Figure. 3. (a) The CDM χ decay into one anti-neutron, (b) the proton decay into π0+e+
or π+ + ν0.
include all of the particles whose masses are below MW , thus one can figure out g∗(Tf) =
91.5. In short, we can correctly fit the current abundance of the CDM as long as the
parameters are a set of suitable values.
Now I show the stability of the CDM χ and proton by some simple calculations. In
fact, the couplings in (4) can lead to the decays of χ and proton via the mediation of the
leptoquark Φ, namely there are processes such as χ→ n0, χ→ π++ e−, χ→ π0+ ν0 and
p+ → π0 + e+, p+ → π+ + ν0, shown as (a) and (b) in Figure 3. The decay widths of (a)
and (b) in Figure 3 are given by
Γ(χ) =
3M5χv
2
1v
2
2
1282π3M4ΦΛ
4
|(Y5)1|2
(|(Y1)11|2 + |(Y2)11|2) ,
Γ(p) =
m5pv
4
2
256πM4ΦΛ
4
(|(Y1)11|2 + |(Y2)11|2) (|(Y3)11|2 + |(Y4)11|2) ,
τ(χ)
τ(p)
∼ 102m
5
pv
2
2
M5χv
2
1
≫ 1. (17)
Provided MΦ ≈ v2 and |(Yi)11|2 . 0.1, then the proton lifetime is τ(p) & 1036 year, in
addition, the χ lifetime is far larger than the proton one provided v2 ∼ 1012 GeV and
v1 ∼ 103 GeV. These results are very well in accordance with the current experimental
limit [20]. In a word, both the CDM χ and proton are very stable in the model.
V. Numerical Results and Discussions
In the section I present the numerical results of the model. The fundamental param-
eters of the model are chosen as the typical values as follows,
Λ = 1016 GeV, v2 = 10
12 GeV, v1 = 3.5 TeV, vH = 246 GeV,
gY = 0.356, sinθ1 = 0.3, Yχ = 0.124, Yν = 1, c4 = 0.1, Mφ1 = 750 GeV, (18)
where I only consider one generation of χ and ν for the sake of simplicity. vH and gY are
fixed by the SM data. The values of Λ and v2 are required by the model. The current
10
Figure. 4. The graph of MXµ and Mχ being subject to sinθ1, (a) blue curves, (b) red
curves and (c) green curves correspond with v1 = 4, 3.5, 3 TeV, respectively, the rest of
the parameters are fixed as (18).
experimental data indicate that the masses of the neutrinos are only ∼ 0.01 eV [20], in
addition, Yν ≈ 1 is a reasonable value, so one can infer v1 ≈ (3 ∼ 4) TeV by use of (5).
c4 ≈ 0.1 is also very natural for the scalar couplings. According to (8), Mφ1 should be
smaller than v1 and has a greater parameter space. Here I suppose that φ1 is likely the
new boson detected recently at the LHC (the reason for this will be discussed later), so I
take Mφ1 = 750 GeV. Provided gD < 1 and MXµ < v1, by use of (9) one can obtain the
parameter areas of 0.18 . sinθ1 . 0.94. The value of MXµ varies with sinθ1. Finally,
the value of Yχ, which directly determines Mχ, is given by fitting the observed value
Ωχh
2 ≈ 0.12. Now (18) is input into (5), (9) and (14)-(16), we thus obtain the following
results,
MXµ = 2.18 TeV, Mχ = 308 GeV, mν = 0.043 eV, Ωχh
2 = 0.12. (19)
These are very well in agreement with the current experimental data [20].
Figure 4 shows that both MXµ and Mχ are subject to sinθ1 for v1 = 4, 3.5, 3 TeV,
respectively. It is clearly seen from the graph that MXµ has a lot of uncertainty in the
area of 1 TeV . MXµ . 3.5 TeV, but the CDM χ mass is only in the narrow area of
250 GeV . Mχ . 350 GeV. When sinθ1 approaches to the left minimal value, Ωχh
2 is
mostly dominated by σa, whereas when sinθ1 is close to the right maximal value, Ωχh
2
is mostly dominated by σb. In overall, the most reasonable value of sinθ1 is probably
around sinθ1 ≈ 0.3. In brief, Xµ and χ are the two new particles beyond the SM, they
are expected to be discovered in the future experiments.
In order to calculate the baryon asymmetry, we need chose values of the Yukawa
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couplings Y1,2,3,4 and input the masses of the quarks and charged leptons in terms of (11).
The detailed values are taken as follows (in GeV as mass unit) [20],
mu = 0.0023, mc = 1.275, mt = 173,
md = 0.0048, ms = 0.095, mb = 4.18,
me = 0.000511, mµ = 0.1057, mτ = 1.777,
sin2θW = 0.231, T r[YiY
†
i ] = 1,
Im[(Y1)22(Y
∗
2 )22] = −0.44, Im[(Y1)31(Y ∗2 )31] = −0.065,
Im[(Y †3 )22(Y
T
4 )22] = −0.52, Im[(Y †3 )31(Y T4 )31] = −0.8, (20)
where i = 1, 2, 3, 4. Under the mass eigenstate basis of the fermions, the imaginary parts
of Y1,2,3,4 are not all zero. In view of the mass hierarchy of the quarks and charged leptons,
a careful analysis shows that the four decays, Φ→ c+s, Φ→ t+d, Φ→ c+µ, Φ→ t+e,
are preferred because any one of them can separately fit ηB ≈ 6.15× 10−10. The four sets
of Yukawa coupling values in (20) respectively correspond with the four decay modes. Of
course, the baryon asymmetry is possibly attributed to the total contribution of them.
To sum up, all of the numerical results, which are naturally produced without any fine
tuning, can completely fit all kinds of the experimental data. This clearly demonstrate
that this model is reasonable and feasible.
In the end, I simply discuss the test of the model. The three new particles of the model,
χ, φ1, Xµ, are able to be produced at the TeV-scale colliders. The specific processes are
e− + e+ → Xµ → χ+ χ, p+ p→ Xµ → χ + χ,
p + p→ Xµ +Xµ → φ1, φ1 → χ+ χ orH +H. (21)
Both e− + e+ and p+ p can produce a pair of the CDM χ via the s-channel mediation of
Xµ. Although their cross-sections are only ∼ 10−9 GeV−2 due to the heavy MXµ , we are
very promising to find χ and Xµ in the near future. At present we have an opportunity
to find φ1 via two Xµ fusion at the LHC [21], which can decay into a pair of the CDM χ
or Higgs bosons. Recently, the 750 GeV boson detected at the LHC is likely to be φ1. In
a word, it is feasible to test the model in future collider experiments.
VI. Conclusions
In summary, I suggest an effective theory between the GUT and the electroweak scale,
which is a natural and reasonable extension of the SM. The new model introduces the
two symmetries of U(1)B−L and U(1)D, which are respectively broken at the reheating
temperature of the universe and the TeV scale. The model particles consist of the SM
ones and the dark sector. The particles in the dark sector include the right-handed
Dirac neutrino, the CDM fermion, etc, they are all singlets under the SM groups except
the super-heavy leptoquark Φ, furthermore, they are directly relevant to the new physics
beyond the SM. The model can clearly account for the origins of the tiny neutrino masses,
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the matter-antimatter asymmetry and the cold dark matter. In addition, the model gives
some interesting results and predictions, for example, the neutrinos are Dirac nature
and their masses are related to the U(1)D breaking, the size of the matter-antimatter
asymmetry is closely related to the mass hierarchy of the quarks and charged leptons, the
CDM χ mass is probably in the range of 250 ∼ 350 GeV. Finally, the model is simple and
feasible, we are promising to test it in future collider experiments.
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